Reconstruction of the bone defects due to various causes is still one of the challenging problems in plastic and reconstructive surgery. Periosteum is accepted to be the essential source for the repair of the bone tissue, which constitutes the basis of the support and the mobility functions of the surrounding tissues. Periosteal grafts and flaps have been used for various purposes by numerous techniques. The osteogenic activity of the periosteal tissues has a great importance regarding the purposes of reconstruction. In this experimental study, 20 New Zealand rabbits were used for the evaluation and the comparison of the osteogenic activities of periosteal grafts, periosteal flaps and prefabricated periosteal flaps. Morphological, histopathological and scinthigraphical observations were carried out for the assessment and the comparison of the groups after a follow-up of 12 weeks. Two of the animals were left out as a result of infection. The results showed that periosteal flaps had a much faster and more stable reconstructive capacity of osteogenesis, whereas prefabricated periosteal flaps had an osteogenic capacity of a lower degree and periosteal grafts apparently less than the former groups. We believe that this study confirms the reconstructive capacity of prefabricated periosteal flaps as an alternative to periosteal flaps for the repair of osseous tissues as well as indicating the osteogenic capacity of the periosteal grafts, though in a lesser degree.
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Key Words: Periosteum, osteogenic activity, graft, flap, prefabrication R econstruction of the bone defects due to various causes often appears to be challenging problems in reconstructive surgery. Numerous studies have been carried out to surpass the disadvantages of the efforts to repair these defects. Periosteum is accepted to be the primary source of bone regeneration. [1] [2] [3] [4] [5] The mesenchimal cells of the ''cambium'' layer of the periosteum are known to be able to perform both the osteogenic and the chondrogenetic activity depending on the environmental stimulations.
The first studies on periosteum were performed by Belchier in 1736, but significant observations were noted in 1741 by Duhamel. Both of them had tried to evaluate the osteogenic activities of periosteal tissues. Axhausen 6 showed that periosteum of an adult dog inserted in muscle tissue was able to produce osseous tissues, when in contact with cortical bone. Skoog 7 pointed out the term ''periosteal membrane'' and claimed that periosteal grafts were able to regenerate bone. Fonkalsrud 8 reported that periosteal grafts have undergone contraction and fibrosis before revascularization and calcification. Ritsila 9 had observed bone regeneration from the periosteal grafts harvested from the tibias of rabbits, in soft tissues like the capsule of kidneys and the anterior chamber of the eye, in 3 weeks. Cestero and Salyer 10 demonstrated bone formation from isolated periosteal grafts. Finley 11 and Puckett 12 had also pointed out that the primary source of bone repair was the periosteum. Wildenberg 3, 4 reported that the tibial periosteum of the goats was superior to the costal periosteum in regard to osteogenic activity and claimed that the recipient bed was also imported for this activity. Cohen 13 also showed that tibial periosteum grafts ossified earlier than the periosteal grafts of other donor sites. Burstein 14, 15 observed that periosteal grafts remained inert and became fibrotic when implanted in soft tissues. Jaroma and Ritsila 16 performed a study with periost grafts and cancellous bone grafts concluding that periosteal grafts partially prevented the resorption of the cancellous bone grafts and caused new bone formation. Kostopoulos 17 reported that the osteogenic capacity of the elevated periosteum of the rabbits decreased and cartilage formation occurred before rapid ossification.
In a study on vascularized periosteal flaps, Noradick, 18 and Fonkalsrud 8 performed trachea repair by pedicle costal periosteum in dogs. King 19 and Satoh 20 reported successful results of healing of complex fractures by the use of periosteal flaps on experimental models. Krespi 21 and Finley 1 observed microvascularly transplanted periosteal flaps and reported new bone formation in 6 weeks. Acland 22 pointed out that periosteal flaps had higher osteogenic activity when exposed to stress. Puckett 12 also reported the significance of stress for bone formation periosteal flaps. Satoh 20 transferred iliac musculoperiosteal flap microvascularly and showed bone formation. Burstein 14, 15 reported that osteogenesis was apparently earlier and intense on the base of vascularized periosteal flap compared with the distal part of the flap. Tokato 5 used tibial periosteum of rabbits to demonstrate that musculoperiosteal flaps were superior to fascioperiosteal flaps and osteogenic activity depended primarily on the volume of the periosteum and vascularity. Massei 23 had satisfactory results of repair of cleft maxilla with island periosteal flaps. Panteado 24 reported that free microvascular transfer of periosteum was possible from the iliac fossa, distal humerus and distal femur for reconstructive procedures in head and neck regions. Romana and Masquelet 25 showed vascularized periosteal and musculoperiosteal flaps were able to achieve functional new bone formation when used with cancellous bone grafts.
Crock and Morrison 26 isolated the branches of the tibial artery nourishing the periosteum of the lateral tibia on 27 fresh cadavers and defined the anterior tibial artery-pedicle vascularized periosteal flap. Yajima 27 performed an experimental study on rats and obtained fascioperiosteal flap, 2 weeks after suturing the fascia containing the saphenous artery and vein to the periosteum and observed osteogenic activity on this flaps 5 weeks later.
Although numerous studies on osteogenic activity of periosteal grafts, comparison of periosteal grafts from various donor sites, and osteogenic activities in different recipient beds have been performed, satisfactory reports on comparison of periosteal grafts, flaps and prefabricated periosteal flaps leading to undutiful clinical performance cannot be obtained. Comparison of osteogenic activities and histopathological evaluation of periosteal grafts, flaps and prefabricated periosteal flaps are performed in this experimental study to achieve satisfactory clinical results.
MATERIAL AND METHOD
T wenty New Zealand rabbits, weighing 2, 2-3, 5 kg are used in this experimental study. Surgical procedures were performed under ketamin (35 mg/kg) and xylazine (5 mg/kg) anesthesia. 250mg/kg cefazolin was used intraoperatively for prophylaxis. The ears and the parietal skins of the animals were shaved and neurovascular bundles consisting of the central arteries and veins of the left ears of the rabbits were exposed (Fig 1) . The distal ends of the central arteries and veins were ligated. Periosteal grafts of 2 x 1 cm were harvested from the calvarial periosteum. Each periosteal graft of 1 x 1 cm was sutured to the dissected central arteries and veins of the left ears of the rabbits. The prefabricated periosteal flaps were inserted into silicon pouches to prevent adhesions and revascularization from the surrounding tissues (Fig 2) . The remaining calvarial periosteal graft of 1 x 1 cm was sutured back to the donor site and the skin was closed primarily.
On the right temporal regions, vascularized periosteal flaps nourished by the superficial temporal arteries and veins, measuring 1 x 1 cm, were elevated and passed under the frontostucularis muscles of the animals. Silicon sheets were again used for the isolation from the surrounding tissues and the flaps were sutured to the skin flaps of the right ears (Fig 3) . Two rabbits were excluded because of infection, and the remaining 18 animals were divided into 3 groups of 6 rabbits. Each group was killed on the 4 th , 8 th and 12 th weeks, and the specimens were fixed in PERIOST GRAFTS, PERIOST FLAPS AND PREFABRICATED PERIOSTEAL FLAPS / Ortak et al formalin of 10%. All the groups were evaluated macroscopically and histopahologically. The animals in group 3 were observed with scintigraphy, additionally on the 12 th week, before sacrifice. 3mCi Tec 99m-MDP (methylene diphosphonate) was injected to the rostral veins of the counter lateral ears of the rabbits and scinthigraphical images were obtained after 120 minutes.
RESULTS
G roup 1, killed on the 4 th week, showed degenerative changes of the periosteal grafts on histopathological and scintigraphic evaluations. Minimal vascularization of the periosteal flap was seen, but the prefabricated periosteal flap did not show neovascularization (Fig 4A,B,C) . On the 8 th week, degenerative changes of the periosteal grafts were again apparent. Minimal neovascularization of the periosteal flaps and vascularization of the prefabricated periosteal flaps occurred on the 8 th week (Fig 5A,B,C) . Degenerative changes and calcification of the periosteal grafts were apparent on the 12 th week. Osteoblastic activity was observed on the periosteal flaps on the same week. Neovascularization and chondrogenesis were apparent on prefabricated periosteal flaps (Fig 6A,B,C) . Scintigraphic studies showed radionucleide uptake on the periosteal and prefabricated periosteal flaps in week 12 (Fig 7A,B) . However, the fact that histopathological findings do not always correlate to scinthigraphical results should be kept in mind. The results of this study confirm that periosteal flaps lead to faster and more stable osteoneogenesis compared with prefabricated periosteal flaps and periosteal grafts. Prefabricated periosteal flaps also have osteogenic capacity less than the periosteal flaps but apparently better than the periosteal grafts. Regarding this experimental study, we believe that prefabricated periosteal flaps can be used for clinical performance, as an alternative to periosteal flaps. Periosteal grafts can be used for clinical needs as well, but their lower potential for osteoneogenesis should be kept in mind.
DISCUSSION
N umerous precious studies on periosteum, evaluating its osteogenic activity and the issues affecting this potential, have been performed. Precursors of the bone tissue cells transform to preosteoblasts under convenient circumstances and stimuli and then to osteoblasts and finally osteocytes. Observers have tried to demonstrate the osteogenic potential of periosteum. Cambium layer of the periosteum is known as ''epiosteum'' or the ''osteogenic layer.'' 
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Periosteum contains arteries, veins, nerve fibers and lymphatic vessels. Periosteal grafts of rabbits show chondrogenesis initially, but then ossify rapidly.
Cohen 28 indicated the importance of the properties of the recipient bed as well as the properties of the periosteal grafts for osteoneogenesis. In another study, he repaired the defect he created in the thoracic trachea of the pig with a tibial periosteal graft, transposing the cambium layer to the lumen of the trachea. In the control group of this study, he performed the same procedure with periosteal graft sutured to omental flap. All the grafts showed bone regeneration. No effects of the omental flap on neovascularization were noted, and the periosteal grafts were observed to enable bronchial epithelization without the development of granulation tissue. Fonkalsrud 8 observed that periosteal grafts without vascular pedicles did not ossify earlier than at least 4 weeks. Kufaas 29 showed that the transposition of the cambium or the external fibrous layer to the lumen did not change the result. Skoog 30 achieved successful results of the closure of alveolar defects with periosteal flaps, depending on the osteogenic properties of them. Ritsila 9 reported a study on 11 congenital maxillary cleft patients, concluding that periosteal grafts led to better results compared with bone grafts for out that tibial periosteal grafts of the African goats had higher osteogenic activity compared with calvarial periosteal grafts. Kwan 32 et al used autogenous periosteal grafts as barriers for the repair of bone defects and achieved good results in a clinical study. Nordick 18 showed that vascularized periosteal flaps were quite satisfactory in reconstruction of the thoracic tracheal defects. Hoff 33 et al demonstrated bone proliferation in all microscopic sections of a segmental circumferential tracheal defect repaired with vascularized periosteal grafts in an experimental model. Hammerle 34 et al used periosteal flaps for the reconstruction of the rabbit cranial bone defects and observed osteoneogenesis starting on the edges of the defected sites and regeneration of the bone in as early as 2 weeks. They also demonstrated histopathologically that bone regeneration occurred intramembranously. Lupo 35 and Massei 23 had satisfactory results of repair of the premaxillary clefts with periosteal flaps. Fonkalsrud 8 also claimed that periosteal flaps led to best results of reconstruction in canine model. Schultz 36 demonstrated that periosteal grafts were also satisfactory for osteogenic activity, when the ease of harvesting and use of them are taken into consideration. Yajima 27 et al reported that hydroxyapatite crystals showed enough osteogenic activity when used with periosteal flaps but were ineffective for the reconstruction of the bone defects if used alone. Vogelin 37 et al reported that prefabricated periosteal flaps had enough osteogenic activity when osteoinduction occurs in the presence of the morphogenetic signal, appropriate carrier matrix, osteoprogenitor host cells and sufficient blood flow. Puckett 2, 12 et al showed that revascularized periosteal grafts were the ideal media for new bone generation and had higher osteogenic potential when exposed to stress. The main difference between bone grafts and revascularized bone grafts THE JOURNAL OF CRANIOFACIAL SURGERY / VOLUME 16, NUMBER 4 July 2005 appear in the presence of nonunion and stress factor is known to be very important for callus formation. Previous studies prove that periosteal grafts should be in contact with osseous tissues for sufficient osteogenic activity. Burstein 14, 15 et al, on the other hand, transferred vascularized periosteal grafts to soft tissues in a canine model and reported that osteogenic activity of periosteum was directly related to its vascularity. The importance of vascularity of periosteum has also been demonstrated by numerous other studies. Vascularized periosteal flaps show osteogenic activity as early as the 7 th day. This study also claimed that osteogenic activity did not depend on the contact of the periosteum to osseous tissues but was apparently better when such a connection was present. Another study demonstrated intense collagen and preosteoblasts deposition on the vascularized periosteal flaps by the 7 th day, by electron microscopy. These cells transform to osteoblasts by the 15 th day and mineralization with collagen chain formation progresses to lacuna formation. Cell proliferations result in osteocytes. Organic matrix secretion starts on the 9 th day and rapid mineralization occurred by the 15 th day. This study points out that muscular bed cannot provide sufficient vascularity for apparent osteogenic activity of periosteal flaps and osteogenic activity of periosteum surrounded by muscle remains low without a stress factor. Takato 5 et al, on the contrary, claim that musculoperiosteal flaps have a perfect osteogenic activity even without a stress factor. They have demonstrated that bone formation in the muscle on the 6 th week was not much different than on the 12 th and 18 th weeks, and bone marrow production was also noted. They have also showed that if the pedicles of the periosteal flaps are ligated, periosteum degenerates to scar tissue. A period of 6 to 8 weeks is enough for sufficient new bone generation. Romana 25 et al reported that vascularized periosteal flaps led to better results when used with cancellous bone grafts, compared with periosteal flaps or cancellous bone grafts only.
Previous studies constitute precious knowledge on this issue and recent studies refine the details and clarify the doubts to achieve the pure facts. Each study adds up to the former and the later. Our study aims to find out the most convenient utility of periosteal tissues, regarding the previous studies.
Comparative studies about the success of periosteal grafts, flaps and prefabricated periosteal flaps, harvested from various sites have been reported by the use of the transferred tissues alone or with the combinations of two of them, but no experimental study on 3 forms of transferred periosteal tissues have been reported. Parallel to these reports, our study concludes that apparent osseous tissue formation occurs by the presence of guiding structures, as well as osteoprogenitive or sufficient osteoinductive or osteoconductive materials in the recipient bed of periosteal tissues. Better vascularized sites are also advantageous for this purpose as for all kinds of grafts. In this experimental study, osteogenic activities of periosteal grafts, flaps and prefabricated periosteal flaps are compared. Results showed that the osteogenic activities of well-vascularized periosteal flaps occurred to be earlier and apparently better than periosteal grafts and prefabricated periosteal flaps. Though less than the former, revascularized periosteal tissues also showed sufficient new bone formation and the grafts led to a similar result but less than both of the vascularized periosteal tissues. Periosteum is the main source of the progenitor cells of bone regeneration. We believe that better clinical results with periosteal flaps can be obtained with autogenous, allogenic or synthetic substitutes, which act as framework in new bone formation.
